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THE U. S. WIND POWER PROGRAM
Joseph M. Savino 
NASA
Lewis Research Center
Today I would like to talk about wind energy in, 
basically, two parts. I would like to bring to your 
attention some of the developments that have occurred 
in the 20th century. Many of us who have gone through 
school in the last 2 5 - 3 0  years don't recall any­
where in our engineering education much information 
dealing with wind energy, and that may come as a 
surprise to you as it did to me, to learn how much 
has actually been done in the 2 0th century to develop 
large scale wind-driven machines. After I get through 
with that introduction I would like to briefly outline 
the program that the National Science Foundation and 
the Lewis Research Center have put together for the 
next five years.
Why are we interested in the wind? In the future 
our energy demands are going to be of such a magnitude, 
there is no way that we will be able to meet those 
demands using conventional methods such as oil, coal 
and nuclear. Our fossil fuels are too valuable for 
other purposes. So, it appears to many of us that 
the future is probably going to be requiring a mix of 
energy systems. In other words, any method that 
promises to produce a significant amount of energy 
ought to be at least examined and developed to the 
point where we can honestly say we know what the 
energy will cost us. Modern-day wind systems have 
been worked on since around the turn of the century.
As you examine some of the literature, which is Inci­
dentally quite hard to get, one thing comes through 
loud and clear. That is, although there have been a 
number of individual efforts to develop big systems, 
no one of these efforts was sustained sufficiently 
long enough to carry the program to the point where 
you could build reliable systems that would function 
unattended for a long period of time. None of these 
efforts ever carried the technology to the point where 
you could honestly say you knew what the costs of 
these systems would be. The wind-driven machine dates 
back, recorded history in western Europe to around 
1100. As the centuries passed, the technology only 
improved as rapidly as new technology became available. 
As a result, you will see photographs or sketches of 
old windmills which were put up facing the prevailing 
winds, when the wind changed direction, then the mill 
didn't operate. Somebody got the bright idea of ro­
tating the rotor into the wind whenever the change in 
the wind occurred. As time went on, these improvements 
came along very slowly. It wasn't until the latter 
part of the last century that some rapid strides were 
made and this was chiefly due to the appearance on the 
scene of some new technologies, namely, the technology 
provided by the field of aerodynamics, electrical 
power generation and, of course, we acquired a better 
understanding of how to design structures efficiently 
and less expensively.
I would like to point out to you some of the 
large machines that have been built and what happened 
to them since around the turn of the century. It might 
be of interest to you to know that around 1908, 1n 
Denmark, which is a rather small country and has almost 
no fossil fuel resources of its own, and had 3 3 ,0 0 0  
wind-driven machines on its land. Some of these were 
used to generate electrical power, some to grind grain,
to saw wood, and also to pump water. It had been es­
timated that these machines, if you totaled up their 
maximum capacity, it would be equivalent to approx­
imately 200 megawatts of electric power. That is how 
much power could be derived in Denmark in 1908. That 
is a rather formidable number for that period of time 
in such a small country.
Most of the developments in wind energy machines 
have occurred in western Europe arid in the United 
States and some in Russia. The first large wind ma­
chine built in the world, at least, as near as I can 
tell from the literature, was built in Russia in 1931.
The tower is 100 feet tall, the rotor is a two-bladed 
propellor measuring 110 feet from tip to tip, and it 
produced a maximum of 100 kilowatts of power in wind 
of approximately 30 miles an hour, or higher. If you 
look carefully at this machine you will find all of 
the machinery in this case is located in the top of 
the tower and this inclined strut rests on a carriage, 
as a circular railroad track. Instead of the attendant 
going down and walking that around, it was automated, 
whenever the wind changed directions that little car­
riage would move the strut around so that the rotor 
faced the wind. This machine operated for a period of 
ten years and it was destroyed in World War II. In 
that time, apparently it operated fairly successfully 
and it provided electrical power into the Russian net­
work. What has been going on in Russia is a little 
bit of a mystery though I do have some knowledge that 
I have acquired recently. Russians had intentions of 
building very large machines, but they never got around 
to it, instead they spent a lot of effort developing 
smaller machines for use in isolated villages and towns 
around Russia.
A wind-driven turbine was built in England in 
1950. The tower is 80 feet tall, the rotor measures 
80 feet. This machine has a different mode of operation. 
The tower and the blades are hollow. The wind blows 
from left to right. In other words, the rotor is down­
wind from the tower and the rotating rotor acts as a 
centrifugal air pump. So, air is sucked into the tower 
at the base, travels up the tower and out the rotor 
tips. In the base of this machine is an air turbine 
which spins as the air goes by and that air turbine 
drives an electrical generator. This particular ma­
chine was moved to Algeria, where it operated for a 
while, but again the literature gets sketchy on this 
point. I have no idea whether this machine still exists 
or how well it operated, because for some reason, peo­
ple in the wind business didn't do a very good job of 
documenting their results. So, the results we have 
not been able to copy from a lot of the technology 
that was developed in the past. The British were ex­
tremely accurate in the wind business through the 50*s. 
Nothing new had been done since about '61.
The Danish constructed a large mill on one of 
their islands. The rotor sweeps out to an area 80 feet 
in diameter and it produced 200 kilowatts of power in 
wind about 33 miles an hour. Built in 1957, it ran 
successfully until 1966 at which time it was dismantled. 
It was just yesterday that I got a report on this ma­
chine and haven't had a chance to read, but I think I
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saw some figures that indicated that this machine 
would have been cost effective at that time, if the 
fuel costs twice what it did. If the fuel prices 
would have gone up by a factor of 2 , at that time, 
this machine would have been producing power in com­
petition with fossil fuel plants. In World War II, 
in Denmark, some of its power was provided by wind- 
driven machine,.and in some instances, those wind- 
driven machines did produce power which was cheaper 
than could be gotten from fossil fuel plants. That is 
the last big machine that was built in Denmark and 
since then nothing more has been happening.
I'm going to show a movie of the Smith Putman 
Machine in operation, in a short time. The technical 
success of the Smith Putman Machine prompted the Fed­
eral Power Commission in 1945 to take a serious look 
at wind power as a possible source of energy. A man 
by the name of Percy Thomas led a team of engineers 
and they took a look at this problem and came up with 
some conceptual design to wind turbines. This is one 
such concept. The height of this machine was to be 
475 feet, each of these rotors were to be sweeping an 
area of approximately 200 feet in diameter, and this 
was rated to produce 6.5 megawatts of electrical 
energy in winds 28 miles an hour or higher. A sister 
machine to this was to produce 7.5 megawatts of power. 
In 1951 they went to Congress to try and get some 
money to build a prototype, they weren't successful 
because the Korean War had broke out and at that time 
too much money was going into the war and there wasn't 
enough money left over for such projects such as this. 
As a result, the demise of this attempt was also the 
demise of the effort in the United States. Since that 
time, nobody that I know of has seriously suggested 
that we go after wind as a source of energy until the 
last few years.
Basically, the point of this discussion is that 
large wind-driven machines have been built in the 
past, there is no problem with building them. We can 
do that. The problem will be can we build them so 
that they will be reliable, will have a long service 
life, say 20 years or more, and will they be able to 
give us energy reliably at a cost we can afford to 
pay?
We are now taking a serious look at the wind 
power and we hope that the NSF-NASA wind energy program 
will provide the sustained effort to develop these 
systems, so that they will produce power at a price 
people are willing to pay. An objective of the five- 
year program is that we want to develop the technology, 
so that wind power systems can supply energy reliably, 
and at competitive costs. Also want to be sure that 
if we are successful in the objective, that the second 
will also be achieved. Namely, we want to be sure 
that the appropriate users will be anxious to use them. 
In other words, it is very possible to go out and 
build a system which is terribly successful, but then 
nobody wants it. How are we going to do this? First 
of all, we are going to have a government planned and 
managed program. The NSF is the lead agency and the 
NASA Lewis Research Center is playing a major role in 
developing the technology. We are going to have in- 
house efforts and we are going to do a considerable 
amount of our efforts on contractual basis. To help 
implement these systems and to be sure that they will 
be accepted by the ultimate users, very early in the 
program we are going to solicit participation by the 
ultimate user and by the people who are going to supply 
the components, eventually. We are going to do this, 
hopefully, the users by being involved. We are think­
ing of the utilities in this case who have the
engineering experience that goes with building and 
testing these systems, and we also have appeal for the 
operating and also their initial capital costs.
Out of the NSF will come mission analysis studies. 
They will support much of the work that will go into 
sensing what the wind energy resource of the country 
is, and to try and develop that wind energy resource 
even further. At our Center, we will be responsible 
for many of the conceptual design studies, parametric 
studies, preliminary and final designs of actual hard­
ware. On contracts we will probably do all the fab­
rication and assembly of the system, and also in co­
operation with the users, we will do fuel testing of 
the system in actual real-live applications. Our in- 
house efforts will be expanded; we have a project 
office, that is a group of men who have been assigned 
to work only on wind energy. We are going to design, 
test, and do research on an experimental machine. We 
are also going to do the planning in cooperation with 
NSF and the management of contract efforts and we are 
going to maintain very close liaison with the utilities 
and ultimate users and the suppliers' components. Let 
me address the mission analysis study. If you were 
doing this program in sequence, you would probably do 
this kind of a program, before you did anything else. 
You are running a little bit of a risk by doing some­
thing in parallel. We are developing the technology, 
assuming that the mission analysis is going to back us 
up. We are interested in identifying what the suitable 
application will be for wind energy systems. We want 
to know how much power will be needed in areas where 
it is suitable. What form should the energy be? What 
are the interface requirements? How do we connect a 
wind driven system with existing application? How is 
energy being used in these different applications - on 
a daily basis, weekly basis, monthly basis, a yearly 
basis? What will be the energy storage requirements? 
What are the wind patterns in a region where the ap­
plications exist? A cost benefit analysis had to be 
done. Are the benefits going to be worth the cost? 
Also, we are going to be concerned with environmental 
impact. This particular study is going to be started 
probably in July or August of this year.
How much wind energy is available in the country? 
Some people have taken a cut at this and have estimated 
that there is enough energy in the country to produce 
a significant amount of electrical power. By signif­
icant we mean, anything larger than a few percent. In 
this part of the program we are going to want to make 
an estimate of how much wind energy is available, we 
want to identify the windy regions of the country, we 
want to make additional measurements in areas where no 
measurements have been made, we want to take a look at 
the existing wind data which is usually recorded at 
places like airports, which are not noted for their 
windy atmosphere, and we want to see whether that data 
can be used in a matter suitable for one system, so we 
want to apply a direction factor, if necessary, to 
existing data. We want to develop the prospecting 
tools that are needed to find where the winds are. So 
that means we will probably study the interaction be­
tween the wind and the terrain, do an analysis by wind 
tunnel testing, field testing, and hopefully we can 
even use the earth's satellite to help us find wind 
placements. This analysis program is going to start 
early next year.
One part of the program is already underway, we 
call it the wind damaging convergence system or what 
you saw here on the slide. It is the machine that 
interacts with the wind to extract the energy. We 
don't know what size machine is going to give us
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electrical energy, or say energy at the lowest cost, 
nor do we know its configuration. Will it be one large 
rotor to a tower or will it be a bunch of little ones 
on a single structure? So, the objective of this part 
of the program will be to identify cost effective con­
figurations and we want to develop the technology that 
is going to be needed to produce the cost effective 
reliable systems. The approach is essentially the same 
as before. We are going to do in-house and contractual 
effort, we'll strive to support conceptual design par­
ametric study and preliminary problem design. We will 
bench test a lot of components and subsystems in the 
laboratory before we put them up on the tower. We will 
actually field test complete systems in cooperation 
with the user, in their applications. This program 
plan has already been worked out and the execution of 
it is in progress right now. At the present time we 
are designing a 100 kilowatt experimental wind gener­
ator system, which we call our Model 0 Machine. The 
main reason we are building this machine is we want to 
acquire some engineering data and experience of our 
own. There is a lot of technology that can be brought 
to bear in this particular area. The problem is that 
nobody in our organization has any experience with 
wind-driven machines. The best way to do this is to 
go out and build one and run it. After we do that we 
hope that this machine will be used as a test facility 
in which we will field test new and improved components.
I'd like to show you a sketch of this machine.
The tower is to be 100 feet tall, this rotor will sweep 
out an area 125 feet in diameter, and the wind blows 
from left to right. It 1s designed to run both syn­
chronously and asynchronously about 1800 rpm, 440 volts. 
It will start producing power in 7 miles an hour wind 
and produce maximum power at 18 miles an hour, or higher, 
and we plan to shut it down in 60 miles an hour winds. 
Right now the preliminary design on this machine is 
about 35 percent complete. As an additional part of 
this program, we have the following plan: Medium-sized 
machines from 50 - 500 kilowatts, we expect the Model 0 
to be in operation July 1975. The Model 1 which will 
be built on contract, we hope to have about five of 
these in operation 1n actual application by October,
1976. A Model 2 by January, 1979. We hope that by 
early 1980 we will have a multi-unit 10 megawatt sys­
tem in operation. We have lots of ideas on energy 
storage. I thought I would read one to you that you 
would find interesting or amusing. This letter came 
from Dayton, Ohio.
'Perhaps I have the answer to provide a 20-mile 
an hour wind speed at all times without depending on 
the wind alone. This is my suggestion. It can be used 
anywhere in the U. S. You provide yourself with a 
motor driven fan large enough to produce a 2 0-mile an 
hour wind and place your windmill in front of it to 
produce electricity and sufficient power.'
In this country we are used to having power avail­
able on demand, when we want it. So the objective of 
this energy storage program will be to develop an energy 
storage system which, when coupled with wind power 
systems, will make the wind system a firm power source. 
We are just getting started on this program. There are 
many ways to go on this and since we are just starting, 
we have to assess which of the various methods are suit­
able and then we are going to have to get into the 
actual work on developing this system so as to reduce 
the cost of the systems and we are going to do this 
with some in-house and contractual effort. Hopefully, 
the systems for which the technology already exists, 
we can design some experimental units that we will test 
with our Model 0 system.
We also plan to have a subprogram which we call 
Informative Research and Technology. The purpose of 
this program is to acquire the technical data and ex­
perience that we need to conduct the program. You 
can't conduct a program if you don't know what you are 
doing. We hope to acquire that know-how through this 
program.
Also we are interested in improving the perform­
ance, the service line, and reducing the cost and 
lowering the maintenance of the systems. We also hope 
to support the research and development of new ideas 
that come along such as the vertical axis machines.
We will be doing again in-house contract work. We will 
do all kinds of analytical and experimental investi­
gation, laboratory bench tests, small scale testing, 
fuel testing, etc. That program is, in part, underway 
at the present time. Here are some sample projects 
that we are going to look at. No one in the country 
knows how to build wind driven rotors that are low cost 
and long service life. Helicopter rotors are expensive. 
We would like to have electrical generators that are 
better suited to being driven by the wind. We want to 
look at vertical axis rotors. We want to examine the 
problem of putting more than one rotor on a single 
tower, we need to know something about the optimum 
spacing between towers, and we want to know what the 
cost optimum number is per tower. We want to know 
something about the tower and rotor interactions. In 
this particular area a lot of the work that has been 
done in the past has not been properly documented so 
we are going to have to relearn this all over again.
We can't take advantage of previous work on this, be­
cause it is not readily available.
In 1973 the National Science Foundation spent 
about $200,000 on wind energy. This year they will be 
spending somewhere between 1 and 1.5 million. It has 
been estimated that in 1975, this could go up to as 
high as 7.5 million. In Dixie Lee Ray's report to the 
President, December, 1973, the Wind Energy Program for 
five years totaled $30 million. Of course, they should 
put a disclaimer here. Anything I say here should not 
be held against me. These are our plans. They are 
subject to change, simply because we don't know how 
much money is going to be available from year to year. 
Also, the climate in the land has an awful lot to do 
with it.
In summary, I would like to say that the wind has 
several advantages. It is an inexaustible source, it 
is nonpolluting, in the sense that there are no waste 
products to get rid of, and it has also served mankind 
quite faithfully over the century. Wind-driven machines 
are technically feasible. We can build the machines.
The problem is that they are not economically feasible. 
That is really where the problem is. NASA-NSF Wind 
Energy Program is aimed at making wind-driven systems 
reliable, and we want the energy to be available on 
demand and we want it to be available at a cost which 
is competitive with other systems.
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